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In a  recent study of hearts from cases of hyperthyroidism dying 
of myocardial exhaustion, the writer found acute necrosis of cardiac 
muscle, in one instance so diffuse as to involve a  large part of the 
left  ventricular wall}  The character of necrosis was  that usually 
associated  with  extreme  intoxication  by  acute  infections such as 
diphtheria or scarlet fever, and more commonly occurring in youth. 
Since  there was  no  evidence of such a  severe intoxication in these 
cases it seemed probable  that  the myocardium was in a  condition 
which rendered it much more easily injured than usual. 
Inasmuch  as  practically  every  case  of  hyperthyroidism at  one 
time  or  another shows  cardiac symptoms, which not infrequently 
progress in severity until the patient becomes permanently incapaci- 
tated by myocardial exhaustion, it is generally considered that prod- 
ucts  of the  diseased  thyroid  gland  are  the immediate  cause  of 
injury to the heart, though the manner in which their action is exerted 
is not understood. 
The presence of destructive lesions  of the myocardium in cases of 
exophthalmic goiter has been demonstrated  by Fahr,  ~ who attributes 
the injury to direct action of products of the diseased thyroid gland 
upon heart muscle fibers. 
In the cases of li'yperthyroidism studied by the writer there was 
no indication of an infection of sufficient virulence to be alone respon- 
sible for the necrosis.  It was difficult also to think that so acute and 
uniform a lesion was the outcome of a slowly progressive degeneration 
1 Goodpasture, E. W., Y. Am.  Med.  Assn.,  1921, lxxvi, 1545. 
Fahr, Th., Centr. allg. Path. u. path. Anat., 1916, xxvii, 1. 
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of the myocardium resulting from continued action of products of a 
diseased  thyroid,  although  such  an  explanation  might  suffice  to 
account for the general disease of the heart which had persisted over 
a  considerable period of time. 
It seemed reasonable to suppose that these hearts overstimulated 
by disease of the thyroid and laboring in a  condition bordering on 
exhaustion,  were  in  a  state  of  greater  susceptibility to  injury by 
toxic substances such as may have resulted from a  relatively mild 
terminal infection which under other circumstances would not have 
materially injured the myocardium. 
The  following  study  was  undertaken  to  determine,  first,  what 
demonstrable effect feeding desiccated thyroid gland, or intravenous 
administration of crystalline  thyroxin would produce in  the myo- 
cardium; then, whether the effect of these substances would cause the 
heart to be more readily injured by toxic agents, notably chloroform. 
Material. 
Rabbits free  of infection were used for the experiments.  It was 
found most satisfactory to use young adult males weighing from 2,000 
to 2,500 gm.  Unless animals of approximately the same age, weight, 
and condition were used there was a  great deal of variation in the 
reaction of different individuals to the same dosage of thyroid prod- 
ucts.  These substances are more toxic for young rabbits  than for 
old ones,  and for rabbits  of the  same  age  and  weight  they  seem 
less  toxic during pregnancy,  though the fetuses are  readily killed. 
In the first set of experiments two samples of desiccated thyroid 
gland containing 0.2 per cent iodine were used.  The desired amount 
was mixed with water, and the thin paste formed was administered 
orally by means of a medicine dropper inserted far back in the mouth. 
Crystalline  thyroxin  (Squibb's)  containing  about  65  per cent 
iodine was  likewise used  but was  given by  intravenous injection. 
10 mg. were dissolved in 5 cc. of distilled water to which 2 drops of 
10 per cent sodium hydroxide had been added.  The solution was then 
sterilized in boiling water and used up within 2 or 3 days.  In prep- 
arations kept longer, not i~ifrequently a granular precipitate appeared, 
but until this happened there did not seem to be any diminution in 
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In the second set of experiments rabbits treated with dried thyroid 
or  crystalline thyroxin received chloroform by inhalation in  addi- 
tion.  Chloroform (u.s.P.)for anesthesia was used for this purpose. 
Method. 
Rabbits  were kept in  the laboratory several days on  a  diet  of 
oats,  hay,  and  carrots  or spinach  until  their  weight became con- 
stant or began to increase.  Daily weight and pulse rate were re- 
corded, and symptoms noted throughout the experiment.  The first 
set, i.e.  those  receiving dessicated  thyroid,  received  1  gm.  daily, 
suspended in water, administered through a medicine  dropper.  Those 
receiving thyroxin were given every 2nd or 3rd day 1 mg. dissolved 
in 0.5 cc. of alkaline solution and injected into an ear vein. 
The pulse was counted by means of a  stethoscope applied to the 
chest while  the  animal was  quiet,  and  in  some instances  electro- 
cardiographic tracings were made.  As the rate sometimes rose to 
400 or more per minute, it was often necessary to employ the method 
of dotting paper with a  pencil,  thus recording each impulse for 30 
seconds to i  minute and counting them afterward, a procedure shown 
by Levine to be very accurate.  8  The animals soon become accus- 
tomed to  being  handled and  very uniform results  were obtained. 
The animals in the first set, which received desiccated thyroid gland 
or thyroxin alone, were treated for from 2 to 3 weeks, and except in 
an occasional instance they were killed by a blow on the head and 
the tissues were fixed immediately.  The average normal pulse rate 
for rabbits is around 200 per minute, though individuals show con- 
siderable variation.  In the second group of experiments when the 
pulse rate rose to about 300 per minute the rabbits were given chloro- 
form by inhalation for 1 hour and were killed by a blow on the head 
24  to  72  hours later.  Chloroform was given by the drop method 
or by holding the open mouth of the bottle above the nose just far 
enough removed to prevent spasmodic inhibition of respiration.  The 
animals were never deeply anesthetized, the corneal reflex was not 
lost, and after the anesthetic was removed they immediately got on 
their  feet. 
3  Leviue,  S. A., J. Am. Med. Assn., 1920, lxxv, 795. 410  MYOCARDIAL  I~ECROSIS 
Tissues were fixed in Zenker's solution and stained by the eosin- 
methylene blue method for routine microscopic examination, and in 
other fixatives for special studies. 
The Effect of Desiccated  Thyroid and  Thyroxin. 
While it is appreciated that neither desiccated thyroid nor thyroxin 
may contain or represent the real  secretion product of the thyroid 
gland in health or disease,  4 they both induce physiological activities 
more or less analogous to those present in patients with hyperthy- 
roidism;  namely,  tachycardia,  increased metabolism, nervousness, 
etc.  It is estimated regarding dosage that 1 gm. of desiccated thyroid 
gland containing 0.2  per cent iodine under favorable  conditions of 
preparation  will contain  approximately the  equivalent of  1 rag.  of 
thyroxin.  I  have  found,  however,  with  the  preparations  used  in 
rabbits that 1 rag. of thyroxin injected intravenously is considerably 
more potent in increasing the pulse rate and inducing loss of weight 
than 1 gm. of desiccated thyroid administered by mouth. 
There is a great deal of variation in the way different rabbits react 
to the same dosage.  Old individuals are very resistant to the quan- 
tifies which were employed; younger ones vary in susceptibility  accord- 
ing  to  age,  weight,  and  general  condition.  The  more  refractory 
animals gradually acquire a  tolerance to large doses,  while the sus- 
ceptible ones  rapidly  emaciate and  die,  apparently  from  thyroxin 
intoxication.  They  show  toward the  end extreme muscular weak- 
ness, being unable to hold up their heads.  Diarrhea  is  a  frequent 
early symptom and may persist, but often disappears on continued 
treatment.  As was noted by Wilson and Kendall,  5 an animal will 
sometimes recover from a serious degree of intoxication even though 
it  continues  to  receive  large  doses  of  thyroxin.  The  rabbits  eat 
very little for the first few days and those most intoxicated abstain 
from food almost entirely,  which explains largely  the rapid loss in 
weight.  As  treatment continues, frequently the hair becomes dry, 
4  The delayed action of these substances does not harmonize with the rapid 
effects produced by Cannon on stimulation of the thyroid, and attributable  to 
functional  activity of this gland. 
Kendall, E. C., Tr. Assn.  Am.  Phys.,  1915, xxx, 420.  Wilson, L. B., and 
Kendall, E. C., Tr. Assn. Am. Phys., 1915, xxx, 458. ERNEST  W.  GOODPASTURE  411 
lusterless, and tends to fall out.  Excitability  and restlessness increase. 
No sugar has been found in the urine. 
The two effects which I  have followed most carefully are those on 
pulse rate  and body weight.  The more constant of the two is  an 
increased heart rate which practically always occurs to a  greater or 
less degree with or without loss in weight.  There is no constant rela- 
tion between  the  two.  The  cardiac  rhythm has  always remained 
regular.  Under  the  influence  of  excitement  or  exercise  the  rate 
rapidly increases, sometimes 25  per cent, but subsides within a  few 
minutes to a  constant level. 
The rise in pulse rate begins 24 to 48, sometimes 72 hours after the 
initial dose,  somewhat sooner  after  thyroxin than  after  desiccated 
thyroid.  It rapidly increases to 50 or 75 per cent above the normal 
rate, and maintains a high level under treatment.  The pulse becomes 
more forceful and the ear veihs appear to dilate and contract more 
readily than  normally.  No  constant  elevation of temperature has 
been  noted. 
A progressive secondary anemia accompanies the  severer  degrees 
of intoxication. 
Text-figs.  1  and  2  illustrate  the  relative increase in pulse  rate 
and  loss of weight in the same group of animals after thyroxin ad- 
ministration. 
To observe the changes produced in  the myocardium by feeding 
thyroid gland  the hearts  of  seven rabbits were  studied.  Two had 
received 1 gm. of thyroid daily for 15,  two 16,  one 17,  one 19,  and 
one  26  days.  A  typical  protocol  follows: 
Rebbit/.--Brown; young adult male. 
Aug. 19, 1920.  Weight 2,322 gin.; pulse 170. 
"  20.  "  2,361 "  "  154. 
"  21.  "  2,380 "  "  156. 
"  23.  "  2,446 " 
"  24.  "  2,375 "  pulse 176i 
"  25.  "  2,267 "  "  1~88; 
"  26.  "  2,206  "  "  204; 
"  27.  "  2,152  "  "  206; 
"  28.  "  256; 
"  30.  Weight  1,997  gin.;  "  244; 
"  31.  "  1,970 "  "  272; 
thyroid 1 gin. 412  ~OCAI~IAL  NECROSIS 
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Sept.  1, 1920.  Weight  1,933 gm.; pulse 250; thyroid 1  gin. 
"  2. 
u  3. 
~  8° 
gg  9. 
"  10. 
"  11. 
"  13. 
"  15. 
"  1,922  "  "  262;  "  1  " 
"  1,885  "  "  308;  "  1  " 
"  1,868  "  "  1  " 
"  1,911  "  pulse268;  "  1  " 
"  1,905  ....  1  " 
"  1,878  "  "  1  " 
"  1,877  "  "  1  " 
"  1,852  "  "  1  " 
"  1,928  "  "  1  " 
pulse 312;  "  1  " 
"  17.  Killed.  Tissues fixed in Zenker's solution.  Lungs normal.  Heart 
shows no gross abnormality.  Other organs show no gross changes. 
The  hearts  from  a  similar  group  of  rabbits  that  had  received 
thyroxin  intravenously  over  periods  of  9,  14,  18,  20,  and  23  days 
respectively  were studied in the same way.  The  following protocol is 
an  instance  of extreme  intoxication,  the  animal  being  killed  in  an 
almost  moribund  condition. 
Rabbit  2.--White; young adult male. 
Oct.  7, 1920. Weight 2,045 gm.; pulse 200. 
"  8.  "  2,180  "  "  226. 
2,141  "  "  232. 
2,222  "  "  200; thyroxin 1 nag. 
2,010  "  "  240;  "  I  " 
1,980  " 
1,940  " 
1,985  "  pulse 212; thyroxin 1 mg. 
"  9. 
"  11. 
"  13. 
"  14. 
"  15. 
"  16. 
"  18. 
"  19. 
"  20. 
"  21. 
"  22. 
"  23. 
"  24. 
"  25. 
"  26. 
"  27. 
"  28. 
"  29. 
"  1,867  "  "  244;  "  1  " 
"  1,750  "  "  276;  "  1  " 
"  1,665  "  "  312;  "  1  " 
"  1,603  "  "  292;  "  1  " 
"  1,595  "  "  272;  "  1  " 
"  1,525  "  "  300;  "  1  " 
"  272;  "  1  " 
Weight 1,405 gin.;  "  268;  "  1  " 
"  1,468  "  "  220;  "  1  " 
"  1,422  "  "  252;  "  1  " 
"  1,330  "  "  240;  "  1  " 
"  1,221  "  "  256;  "  1  " 
"  30.  Very  weak,  especiaUy  muscles  of  neck.  Head  bends  over  and 
animal cannot raise it.  Greatly emaciated.  Killed. ERNEST  W.  GOODPASTURE  415 
Aulopsy.--Lungs  clear.  Heart weight 4.75 gin.  No gross changes.  Other 
organs  small and atrophic.  Stomach almost empty.  Brownish blood streaks 
and small erosions of mucosa with edema of wall in places.  Adrenals smaller 
than normal, pink and meaty, with no obvious cortical fat:  Spleen  small and 
brownish.  Tissues  fixed in Zenker's solution. 
Four of the five rabbits which received similar  doses  of  thyroxin 
were intoxicated in the above manner.  One was relatively resistant 
and although it showed a  marked increase in pulse rate,  there was 
little loss in weight. 
None of the hearts from these two groups  of animals, i.e. the one 
receiving desiccated thyroid, the  other crystalline thyroxin, showed 
any gross lesion excepting atrophy in the case of those animals which 
rapidly emaciated while receiving thyroxin.  Numerous sections were 
cut  from  both  ventricles  and  auricles.  Microscopically  definite 
lesions  of a relatively insignificant  nature  were  found.  They  con- 
sisted in a  perivascular fibrosis with some muscle destruction about 
small arteries and,  less  frequently, veins,  situated  especially in the 
wall of the right ventricle (Fig.  1).  More rarely there was a small 
area of fibrosis at  the base of a  papillary muscle or within the wall 
of the left ventricle.  The auricles showed no abnormality.  Most of 
these lesions were healed and must have occurred soon after the first 
doses  were given.  They appeared  somewhat more pronounced in 
the group  which received desiccated thyroid.  In the heart of one 
animal that died of thyroxin intoxication 9  days after the initial dose 
there were very acute small focal necroses about the wall of veins in 
the  right  ventricle.  These  lesions  evidently occurred a  few hours 
before  death. 
Altogether the effect of stimulation  of the heart by thyroid prod- 
ucts appeared to be injurious to  the myocardium following the first 
doses, but no lesions indicated that this effect was progressive.  The 
very definite relation of muscle injury and  repair  to  blood  vessels, 
both arteries and veins, suggests the possibility of a mechanical basis 
of  origin,  depending  upon  alterations  in  the  circulation  of  blood 
rather  than a  direct toxic action of the thyroid products upon the 
muscle  cells.  This  view  is  strengthened  by  the characteristics of 
the lesion in certain instances in which there does not appear to be a 
primary necrosis of muscle cells, but an interstitial fibrosis about the 
vessels. 416  MYOCARDIAL  NECROSIS 
The Effect of Chloroform on the Myocardium Stimulated by Desiccated 
Thyroid  or  Thyroxin. 
The above experiments formed the basis and control for the follow- 
ing study todeterminethe  susceptibility of the myocardium of animals 
stimulated by thyroid products to injury by known toxic substances, 
notably chloroform.  While  the  toxic  action  of  chloroform on the 
heart is well known, light anesthesia for an hour on 2 or 3 successive 
days in normal rabbits does not produce necrosis of the myocardial 
cells, as was shown in ten control animals.  It has been found, how- 
ever, that a similar procedure with rabbits that have received desic- 
cated  thyroid  or  thyroxin for several  days  until  their  heart rate 
becomes accelerated to about 300 beats per minute will usually pro- 
duce necrosis of the myocardium, especially of the left ventricular 
wall,  and often the  destruction is  very  severe  and  diffuse.  It  is 
necessary in order to obtain  more uniform results  that  chloroform 
be administered by inhalation,  for while  the  total  quantity of  the 
drug absorbed  by  this  method is  much  less  than  was introduced 
for comparison by subcutaneous injections in olive oil or by stomach, 
the effects on the heart muscle are very much greater.  This is to be 
explained, I  think, by a  natural assumption that a  greater concen- 
tration of chloroform during the period of inhalation acts upon the 
heart than is the case at any time when the drug is absorbed through 
the other routes.  Following chloroform inhalation in these animals 
there is usually no  central necrosis of the liver,  even when a very 
extensive necrosis of myocardium results, whereas after the adminis- 
tration of 0.2 cc. of chloroform per kilo in equal quantity of olive oil 
subcutaneously the animal will  die  usually within 24  hours,  with 
extreme central necrosis of  the  liver  and little  or  no  necrosis  of 
heart muscle.  Ordinarily the liver is more readily injured by chloro- 
form inhalation than is the cardiac muscle and the only explanation 
of  the  absence  of  central  hepatic  necrosis  in  the  experiments  on 
hyperthyroidism animals is  that the cardiac muscle is rendered  ,by 
the administration of thyroid products, more easily injured than the 
normal heart, and that an insufficient quantity of chloroform is in- 
haled  to  produce  toxic  necrosis  of  the  liver.  By  the  method  of 
inhalation  employed the  animal  is  never  deeply anesthetized.  If ERNEST W. GOODPASTIYRE  417 
deep  anesthesia  is  obtained  the  rabbits  rarely  live  12  hours  and 
apparently die of cardiac failure.  The amount of chloroform actually 
received  by inhalation  is regulated largely by reflex inhibition  of res- 
piration which is quite easily induced in these animals and is attended 
by inhibition of the heart.  If the animals are not sufficiently anesthe- 
tized  to  lose  this  reflex,  they  are  safe  from  immediate  untoward 
effects. 
In the  experiments  to test  the effect of chloroform on the myocar- 
dium,  young  rabbits  weighing  from  1,800  to  2,500  gm.  were  used. 
They  received a  diet of oats,  hay,  carrots,  and spinach.  Desiccated 
thyroid  gland  was  given  to  three  animals  in  1  gm.  daffy doses for 
periods  of  12,  16,  and  17  days  respectively,  then  chloroform by in- 
halation for 1 hour.  They were killed 24 to 48 hours later by a  blow 
on  the  head,  and  tissues  fixed  immediately.  A  sample  protocol 
follows: 
Rabbit 3.--Brown; young adult male. 
Aug.  19, 1920.  Weight 3,325 gm.; pulse 208. 
"  20.  "  3,281  "  "  206. 
"  21.  "  3,157  "  "  180. 
"  23.  "  3,245  "  thyroid  1 gin. 
"  24.  "  3,248  "  pulse224;  "  1  " 
"  25.  "  3,195  "  "  206;  "  1  " 
"  26.  "  3,145  "  "  224;  "  1  " 
"  27.  "  3,041  "  "  254;  "  1  " 
"  28.  "  262;  "  1  " 
"  30.  Weight 2,785 gm.;  "  224;  "  I  " 
"  31.  "  2,800  "  "  278;  "  1  " 
Sept.  1.  "  2,758  "  "  314;  "  1  " 
"  2.  "  2,792  "  "  300;  "  1  " 
10.45 a.m.  Light chloroform anesthesia for 1 hour.  Pulse rate during anesthesia: 
11 a.m. 374; 11.25 a.m. 364; 11.45 a.m. 356.  Got up immediately after chloro- 
form was stopped. 
Sept.  3,  9  a.m.  Weight  2,675  gin.; pulse  316.  Pulse weak  and absolutely 
irregular.  Thyroid 1 gin.  4 p.m.  Pulse 448; irregular. 
Sept. 4,  11 a.m.  Pulse 400.  Very irregular and weak.  Looks sick.  Killed 
by blow on head. 
Autopsy.--Lungs  clear,  pink.  Heart  large,  dilated;  weight  10  gin.  Walls 
thick and edematous.  Both ventridular walls streaked  and mottled with large 
opaque yellowish gray areas most marked in interventricular septum and right 
ventricle  though  present  throughout  both  ventricles.  Liver,  central  fatty 
change.  Adrenals small. 418  MYOCARDIAL NECROSIS 
Microscopic  Examination.--Diffuse  acute  necrosis  of  myocardium  of  both 
ventricles. 
This animal showed a  much more extensive necrosis than the  other 
two  in  which  microscopic  acute  focal  necroses  of  muscle  cells were 
present in each ventricle.  So extensive a  necrosis has not been dupli- 
cated  in  rabbits  receiving  thyroxin. 
Because  of  the  complexity  and  lack  of  uniformity  of  desiccated 
thyroid  gland,  crystalline  thyroxin  was  used  in  the  subsequent 
experiments,  twelve in number.  Doses of 0.5  to 1 mg. were injected 
into an ear vein, usually every 2nd day, chloroform inhalation for an 
hour was given later, from 2  to 23 days after the initialinjection.  In 
some  instances  chloroform  inhalation  was  repeated  on  the  2nd  or 
3rd day after the first inhalation.  The animals were killed 24 to  72 
hours  after treatment with chloroform.  The  results  of  these  experi- 
ments  are  given  in  Table  I. 
Rabbit 4.--Young, gray, three-fourths grown male. 
~Iar. 1, 1921.  Weight 1,840 gin.; pulse 230; thyroxin 1 rag. 
"  2.  "  1,695  "  "  290; diarrhea. 
"  3.  "  1,610  "  "  320;  " 
9.50 a.m.  Light chloroform inhalation, 1 hour.  Pulse during inhalation:  10 a.m. 
296;  10.10 a.m. 296;  10.20 a.m. 288;  10.30 a.m. 304;  10.40 a.m. 280;  10.50 a.m. 
275.  Got up immediately after chloroform was removed. 
Mar. 4.  Weight 1,550 gin.; pulse 348.  No evident diarrhea.  Pulse regular, 
strong.  Thyroxin 0.5 mg. 
Mar. 5.  Weight 1,480 gin.; pulse 360.  Stools soft. 
Mar. 6.  Weight  1,450 gm.; pulse 348; thyroxin 0.5 rag. 
Mar. 7.  Weight 1,370 gm.; pulse 364.  Light  chloroform  inhalation  for  1 
hour.  Pulse during  inhalation:  10 a.m.  376;  10.10 a.m.  360;  10.20 a.m.  384; 
10.30 a.m. 340; 10.40 a.m. 368; 10.50 a.m. 356;  11 a.m. 380.  Very lightly under; 
came out immediately. 
Mar. 8.  Weight  1,230 gm.; pulse 340.  Heart beat weak but regular,  even 
after struggling for 2  minutes.  There seem to be two rhythms, palpable over 
heart, one more rapid at base.  Electrocardiogram shows regular beat.  3.30 p.m. 
Killed by blow on head. 
Autopsy.--Ventricles  collapsed  and  fibrillating.  Large  opaque  yellowish 
patches in wall of left ventricle.  Small opaque dots in right.  Lungs, emphyse- 
matous; fresh focal hemorrhages posteriorly in both lower lobes.  (Both emphy- 
sema and fresh peribronchial hemorrhages occur in these animals as a  result of 
sudden blow on head.  In one instance rupture of the liver was found.) ERNEST  W.  GOODPASTURE  419 
Microscopic  Examination.--Ditfuse  necrosis of left and focal necrosis of right 
ventricle were found.  No necrosis of liver. 
TABLE  I. 
Intravenous  Injectio~ of  Crystallin~  Thyroxin Followed by Chloroform Inlialation. 
Amount  Dura-  Total 
Animal Weight.  of thy-  tion of  Period of chloroform  lengthof 
No.  treat-  inhalation,  experi, 
r°xin"  ment.  ment. 
gin.  rag.  days  days 
5  2,652! 4.5  6  1 hr.  10 
6  2,19~  7  6  1  "  7 
7  2,493  6  11  1  "  each 2days.  12 
8  1,695  3  4  1  "  4 
9  1,432  3  4  1  "  4 
10  2,447  3  4  1  "  5 
11  2,50~  6  10  1  "  11 
12  2,400  4  7  1  "  each 2 days.  10 
4  1,840  2  2 
13  1,815  3  8 
14  2,190  4  8 
15  1,800  3  9 
1  "  "  2  "  6 
1  "  9 
1  "  9 
1  "  10 
Results. 
Killed  4  days  after  chlor@ 
form.  Diffuse necrosis ir 
left ventricle, focal in right 
Killed  3  days  after  chloro. 
form.  Diffuse necrosis  ir 
left ventricle. 
Killed 1 day after last chloro. 
form  inhalation.  No  ne. 
crosis. 
Died 6 hrs. after chloroform 
No necrosis. 
Died 8 hrs. after chloroform 
No necrosis. 
Killed  1  day  after  chloro- 
form.  Focal necrosis. 
Died 18 hrs. after chloroform. 
Focal necrosis. 
Killed 3 days after first chlo- 
roform  inhalation,  1  day 
after  last.  Diffuse ricer@ 
sis. 
Killed  1 day after last chlo- 
roform  inhalation, 5  day.* 
after  first.  Diffuse necro- 
sis. 
Killed 1 day after chloroform, 
Focal necrosis. 
Killed 1 day after chloroform. 
Focal necrosis. 
Killed 1 day after chloroform. 
Diffuse necrosis. 
In  none of  these  animals was  there  evidence of  sufficient  chloro- 
form poisoning to  have  caused  death  had  they  not been killed, and 
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as much as one-fourth of the left  ventricular myocardium appeared 
to  have been destroyed.  The lesions,  however, were uniform, not 
progressive, and healing ensued with surprising rapidity, consequently 
ff the rabbit survived the first 24 hours after chloroform the worst 
effects were  safely over. 
In five of the twelve rabbits that received thyroxin and chloroform 
there were large macroscopic  areas of necrosis in the left ventricle 
and focal microscopic areas in the right; in three were microscopic 
foci in both left and right ventricles, and in  three  no  necrosis was 
found, two of  these having died within 24  hours after  chloroform. 
No lesions were found in the auricles in any of these animals. 
Characteristics  of the Lesion. 
In  order  to  avoid  the  possibility  of  confusing any  lesions  pro- 
duced experimentally with a  preexisting scarring  of the myocardium 
(a condition, however, not seen in any of  the controls), the rabbits 
have been killed at short intervals after the inhalation of chloroform. 
In this way it has been possible to study the acute changes and to fol- 
low the process of repair.  It is of interest that in no instance has simple 
fatty degeneration without necrosis been found in the'animals which 
received  thyroid products either  alone  or with chloroform.  Fatty 
degeneration of the myocardium is the commonest pathological change 
noted in hearts  from cases  of  exophthalmic goiter,  yet it was  not 
present in the two cases of hyperthyroidism reported by the  writer 
except as  an  incident in  necrosis.  So in  the  experimental lesions 
cells in the neighborhood  of necrotic areas contain an excess of fat, but 
it  is  quite  evident  that  fatty  degeneration  did  not precede  the 
necrosis.  In  one instance  there  were  patches  of  fatty  degenera- 
tion  with  relatively  little necrosis corresponding ill  distribution  to 
necrotic  areas in  other  hearts.  This  change  obviously  indicated 
injury  but  not  sufficient to  result  in cellular death.  The necrotic 
cells contain fractured bundles of fibrilhe, granules of  various kinds, 
and often irregular  transverse bands of hyMine material.  The dead 
ceils  within  a  few  hours  become  surrounded and invaded by large 
mononuclear phagocytes  which  are  found  in  ~  very  great  numbers 
within 48  hours (Fig. 2), incorporating particles of the disintegrating 
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ing in  situ  and  wandering in  from the  adventifia  of  neighboring 
blood  vessels.  Mitotic  figures  are  present  in  great  numbers. 
P01ymorphonuclear leucocytes play no part in the lesion. 
At the  end  of  72  hours  (Figs. 3 and 4)small  lesions  have been 
replaced by young fibroblasts and in another 24 hours the lesions are 
practically  completely healed by  a  loose  scar  tissue  in  which  no 
wandering cells remain.  Considerable edema accompanies the lesions 
but no hemorrhages or vascular changes have been observed.  There 
is to be detected often a  very definite  perivascular  distribution  of 
necrosis, especially in the right ventricle.  It may be found in connec- 
tion with both arteries and veins.  No evidence whatever of regener- 
ation of  cardiac  muscle  cells has  been observed.  In  one instance 
fusion of monormclear  phagocytes occurred, forming giant cells similar 
in appearance to those of the Aschoff bodies appearing in myocarditis 
of  rheumatic  fever. 
DISCUSSION. 
It has been demonstrated by postmortem studies upon the human 
heart that a severe terminal acute necrosis of the cardiac muscle may 
occur in  cases  of hyperthyroidism dying of myocardial exhaustion 
without the usual evidences of profound intoxication with which this 
lesion is commonly associated.  It seemed likely that these hearts, 
overstimulated by  disease  of  the  thyroid gland and laboring in  a 
condition bordering on exhaustion, were in a  state  of greater sus- 
ceptibility to injury by toxic substances such as may have resulted 
from a  relatively  mild  terminal  infection,, or  other  sources,  which 
under ordinary circumstances would not have materially injured the 
myocardium. 
In the foregoing experiments a  study has been made of the demon- 
strable effects of large doses of dried thyroid gland and of thyroxin 
upon the myocardium of rabbits.  In brief it has been shown that 
rabbits receiving daily 1 gin. of thyroid gland or 1 mg. of crystalline 
thyroxin intravenously every 2nd day exhibit a  marked increase in 
pulse rate,  more forceful action of the heart,  loss in body weight, 
increasing irritability, and frequently diarrhea and falling out of hair. 
Animals subjected to  this treatment alone and killed at periods of 
2  to 3  weeks may show relatively slight though definite lesions in 422  MYOCARDIAL  R-ECROSIS 
the  myocardium,  notably  perivascular  necrosis  or  fibrosis  in  the 
wall of the right ventricle, focal necrosis or fibrosis in papillary muscles 
of the left ventricle, and, more rarely, scattered small focal necroses 
within  the  myocardium elsewhere.  These  lesions  evidently  occur 
early in the treatment, for at the time examinations were made they 
were for the most part healed, and no evidence of progression under 
continued administration of  thyroid products was  observed. 
The second series of experiments to  test the susceptibility of the 
myocardium of similarly treated animalsto injury by chloroform has 
yielded more striking results; that is to say, rabbits subjected to the 
feeding of 1 gin. of desiccated  thyroid  daily  or receiving 1 rag.  of 
crystalline thyroxin every 2nd day until their pulse rate reaches about 
300 per minute, show in the majority of instances, following one or 
two light anesthesias from inhalation of chloroform vapor for 1 hour, 
a  widespread necrosis of myocardium, sufficient in  one instance to 
cause severe disturbances of cardiac function. 
These results seem to support the view that a  heart stimulated to 
an abnormal activity by products of the thyroid gland may be more 
readily injured than the normal heart; and they suggest a  possible 
explanation for the severer degrees of  cardiac  disease  in association 
with  hyperthyroidism.  One  may  well  imagine  that  in the early 
stages of hyperthyroidism, when the heart is overstimulated by prod- 
ucts of the diseased thyroid, acute infections or intoxications which 
would leave no  significant impress on  the normal  person  may be 
permanently injurious to the heart thus affected and with repetition 
of the injury the cardiac condition may become progressively worse. 
The evidence does not indicate that products of the thyroid alone 
could  be  entirely  responsible for  the  cardiac  lesions  which  may 
occasionally  occur  in  man  in  association  with  hyperthyroidism. 
The  immediate  cause  for  the  increased susceptibility  to  injury 
which these hearts exhibit is speculative.  It occurs to us that in the 
state of hyperthyroidism and in .the experimental condition following 
the administering of thyroid products, the nutritional reserve of the 
myocardium  may  be  diminished,  especially  glycogen.  Hearts  of 
experimental animals in  which cardiac necrosis has been produced 
show  no  glycogen microscopically, but whether a  diminution in the 
amount  of  stored  glycogen would predispose to injury is uncertain. ERNEST  W.  GOODPASTURE  423 
SUMMARY. 
An experimental study upon  the  demonstrable  effects  of  large 
doses  of  dried  thyroid  gland  and  thyroxin  upon  the myocardium 
of  rabbits  has  been  made.  Animals  under  such  treatment  show 
characteristic  clinical  symptoms  with  definite,  although  relatively 
slight,  myocardial  lesions.  Similarly  treated  animals  which  have, 
in addition,  been  subjected  to  chloroform  anesthesia  show  more 
striking,  widespread myocardial necrosis. 
These  experiments  indicate  very  distinctly  that  chloroform as 
an  anesthetic  in  cases  of  hyperthyroidism  is  apt to  be  excep- 
tionally  detrimental  to  the  myocardium,  and  should be  avoided. 
EXPLANATION  OF PLATE  33. 
FIG. 1.  Perivascular fibrosis  in right ventricle following intravenous injection 
of thyroxin. 
FIG. 2. Acute necrosis; 48 hours.  Desiccated thyroid plus chloroform. 
FIG. 3. Acute necrosis;  72  hours.  Showing  fibroblastic proliferation.  Thy- 
roxin plus chloroform. 
FIG. 4.  Acute necrosis; 72 hours.  Thyroxin plus chloroform. THE JOURNAL OF  EXPERIMENTAL  MEDICINE  VOL.  XXXIV.  PLATE 33. 
CGoodpasture: Myocardial necrosis.) 